All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

Near half of infertility is due to inability of males to achieving pregnancy in a fertile female \[[@pone.0163524.ref001], [@pone.0163524.ref002]\]. Many cases of male infertility are poorly understood and recent ability to diagnose these defects remains limited \[[@pone.0163524.ref003]--[@pone.0163524.ref005]\]. Clinically, the sperm parameters including motility, number and morphology are used to identify males with subfertility and infertility, which is commonly described as dominant parameters indicating the clinical outcomes of IVF and ICSI \[[@pone.0163524.ref006], [@pone.0163524.ref007]\]. But male patients are not regularly followed up and the prognosis of the male infertility is a little informed. Oligozoospermia is one of the most common causes of male factor infertility and refers to semen with a low concentration of sperm (≤ 20 × 10^6^/mL) \[[@pone.0163524.ref008]--[@pone.0163524.ref011]\]. The concentration less than 5 × 10^6^ /mL is recognized as severe condition, but the severity of this condition affecting the reproductive viability is not clearly defined. 10 million motile sperm is commonly suggested be a threshold of satisfying ICSI fertilization rates performed with ejaculated spermatozoa \[[@pone.0163524.ref012], [@pone.0163524.ref013]\]. In a number of situations direct medical or surgical intervention can improve the sperm concentration and even pregnancy rate; examples are use of FSH (follicle-stimulating hormone) in men with pituitary hypogonadism, antibiotics in case of infections, or surgical corrections of a hydrocele, varicocele, or vas deferens obstruction \[[@pone.0163524.ref014], [@pone.0163524.ref015]\]. Notably, the choice of treatment and management can be complex as the causes of the conditions are the fecundity of the female partner also to be considered. In many cases with oligozoospermia, IVF---ICSI is done and is often the best option, specifically if time is a factor or fertility problems coexist on the female side.

Recent advances in ICSI technique can treat severe infertile men with oligo-astheno-teratozoospermia, azoospermia, cryptozoospermia and necrospermia \[[@pone.0163524.ref016]--[@pone.0163524.ref018]\] to achieve fatherhood. However, in the case with extremely severe oligozoospermia, isolation and preparation of motile sperm for ICSI are difficult. Optional treatment of these cases is usually using testicular sperm extract (TESE) or donor sperm. The fact is that the parameter of TESE in the oligozoospermia patients without obstructive factor is obviously worse than the ejaculate semen, and immature TESE gametes may cause lower reproductive ability \[[@pone.0163524.ref019], [@pone.0163524.ref020]\] and the risks of potential imprinting defects \[[@pone.0163524.ref021]--[@pone.0163524.ref023]\]. Utilization of own gametes instead of donors to become a biological parent is always an aspiration for the couple. Given the fact that ICSI technique theoretically requires only one piece of motile sperm to allow infertile men to achieve fatherhood \[[@pone.0163524.ref016], [@pone.0163524.ref024]\], it is warranted to evaluate clinical outcomes of ICSI under extreme situations where only several pieces of motile sperm were found in one ejaculate in the severe male infertility. However, conclusive data about the indication of motile sperm count on ICSI treatment of such cases remains limited. This retrospective study analyzed the outcomes of ICSI treatment of severe oligozoospermia by deep classification of its severity based on the number of motile sperm in one ejaculate on the day of oocyte retrieval. Without consideration of the influences that might be resulted from female partners, this study supplied a significantly indicative support for the utilization of ICSI technique in the treatment of severe male factor infertility.

Materials and Methods {#sec006}
=====================

Ethics {#sec007}
------

The retrospective cohort analysis on embryological and clinical outcome after ICSI insemination was conducted in accordance with the research protocol approved by the Ethical Review Committee, Renji Hospital, Medical school of Shanghai Jiaotong University, People's Republic of China. Patients undergoing ICSI agreed with the proceedings and signed the informed agreements elucidated in the Clinical Informed Consent for ART devised by Department of Reproductive Medicine, Renji Hospital. The signed agreements were recorded and saved together with patients' documents.

Patients and oligozoospermia grouping {#sec008}
-------------------------------------

Between January 2003 and December 2010, 3519 IVF cycles, 3462 ICSI cycles and 394 half IVF/ICSI cycles were performed in our center. The authors had had access to identifying information after data collection for this this ([S1 File](#pone.0163524.s001){ref-type="supplementary-material"}). 188 cycles (164 couples) from 830 ICSI cycles of mild and moderate male infertility were used for control (Group A) and 966 (812 couples) out of 1119 severe oligozoospermia were divided into four groups (Group B---E) in according to the number of motile spermatozoa from one ejaculate on the day of oocyte retrieval ([Table 1](#pone.0163524.t001){ref-type="table"}). All female partners were younger than 35-year old without any factors of female infertility other than fallopian tubes damage or blockage.

10.1371/journal.pone.0163524.t001

###### Characteristics of the couples and ICSI cycle number in five groups of oligozoospermia.

![](pone.0163524.t001){#pone.0163524.t001g}

  Group       Cycle   Total sperm (per mL)   Motile sperm (A+B+C) (per mL)   Male age (years old)                                Female age (years old)                              Infertility duration (years)
  ----------- ------- ---------------------- ------------------------------- --------------------------------------------------- --------------------------------------------------- --------------------------------------------------
  **A**       188     \> 5 x 10^6^           \> 2,000,000                    32.35 ± 0.38                                        29.56 ± 0.22                                        4.53 ± 0.18
  **B**       118     ≤ 5 x 10^6^            1,000,001 \~ 2,000,000          31.41 ± 0.37                                        29.13 ± 0.27                                        4.20 ± 0.24
  **C**       489     ≤ 5 x 10^6^            100,001 \~ 1,000,000            31.48 ± 0.19[\*](#t001fn002){ref-type="table-fn"}   28.88 ± 0.13[\*](#t001fn002){ref-type="table-fn"}   4.07 ± 0.11[\*](#t001fn002){ref-type="table-fn"}
  **D**       203     ≤ 5 x 10^6^            10,001 \~ 100,000               30.47 ± 0.27[\*](#t001fn002){ref-type="table-fn"}   28.31 ± 0.19[\*](#t001fn002){ref-type="table-fn"}   4.14 ± 0.20[\*](#t001fn002){ref-type="table-fn"}
  **E**       156     ≤ 5 x 10^6^            ≤ 10,000                        31.11 ± 0.33[\*](#t001fn002){ref-type="table-fn"}   28.83 ± 0.22[\*](#t001fn002){ref-type="table-fn"}   3.96 ± 0.18[\*](#t001fn002){ref-type="table-fn"}
  **Total**   1154    \-                     \-                              31.38 ± 0.13                                        28.91 ± 0.09                                        4.15 ± 0.07

Oligozoospermia was divided into five groups in according to sperm count and number of motile sperm in ejaculated semen. Mean ± SEM of the couple's age and infertility years were displayed.

\*p \< 0.05, compared with corresponding data Group A.

Semen examination and classification {#sec009}
------------------------------------

The sperm parameter was assessed in according to evaluation of the semen parameters and processing of human semen \[[@pone.0163524.ref025]\]. The number of motile sperm in Group B to E was manually counted with Makler count chamber \[[@pone.0163524.ref026]\] under invert microscope (NIKON, Japan) with a microscopic objective of × 20 (200 HP magnification) instead of conventional CASA method. Group B and C were defined in according to the number of motile sperm counted in one field. Group D was recognized when at least one piece, but less than ten of motile sperm was observable in ten fields. Because Group E was lower than 1 × 10^4^/mL and no motile sperm could be found in ten fields, the sample was rinsed with HEPES-modHTF medium and centrifuged to concentrate spermatozoa. The small pellet was re-suspended to count sperm with above methods. For those with dozens of sperm, total of the motile sperm in all fields was counted. The urine including sperm from retrograde ejaculation was centrifuged immediately to obtain sperm pellet that was then suspended in 1 mL HEPES-modHTF for parameter assessment.

Andrological preparation and ICSI treatment {#sec010}
-------------------------------------------

Proposed diagnosis and management of severe oligozoospermia were routinely performed in our center ([Fig 1](#pone.0163524.g001){ref-type="fig"}). This was well organized and required good teamwork from andrologists, embryologists and clinicians. Differential diagnosis to exclude obstructive infertile factor, accurate classification of severe oligozoospermia at several stages, suitable medication to improve sperm motility, sperm cryopreservation, determining the timing entering ICSI cycle, management of excess oocytes and cancellation of ICSI attempt were key issues. Cancellation of ICSI attempt might be optional in according to patients' agreement. All male partners accepted karyotype examination and most of them were analyzed for azoospermia factor (AZF) microdeletion as well.

![A proposal program of management of severe oligozoospermia and azoospermia.\
After differential diagnosis of obstructive azoospermia (OA), severe oligozoospermia was classified in according to the number of motile sperm from at least two ejaculates 4 weeks prior to ICSI attempt by andrologists. Proper medication might improve sperm motility. Cryopreservation was done for those having difficulty of collecting semen by masturbation and for Group D and E (motile sperm ≤ 1 × 10^5^). Semen had to be examined again 2 weeks prior to ICSI attempt. ICSI might be suspended if motile sperm in Group B and C (motile sperm \> 1 × 10^5^) was down to the level of Group D and E, and these cases required further examination to determine next managements. Optional ICSI with patients'own pooled sperm or donor sperm, and cancellation of ICSI attempt was mainly recommended in the cases with extremely low number of motile sperm (≤ 30 in total). Non-obstructive azoospermia (NOA) could be treated with TESE if motile sperm was available.](pone.0163524.g001){#pone.0163524.g001}

The semen preparation and ICSI procedures were described \[[@pone.0163524.ref018]\]. In Group D and E, the one with better sperm quality from two or more samples was used for the ICSI treatment but all motile sperm might be used in Group E. Group E was suggested to collect semen at least twice in a row with skipped semen assessment to avoid wasting sperm, especially for those total mobile sperm count ≤ 30 pieces indicated by the latest assessment. The pellet was resuspended in 0.2 mL medium to be easily picked up for ICSI. The first step was to collect motile sperm and then determined the number of oocytes to be microinjected. The excess oocytes might be microinjected with sperm from their own frozen pool or with donor sperm; otherwise they were cryopreserved.

Embryo transfer and clinical outcomes {#sec011}
-------------------------------------

The good-quality embryo at Day 3 preferred for ET, but the relative lower quality embryo might be also transferred as there were no enough standard good-quality embryos chosen from and/or the couple requested to increase successful opportunity. The quality of ET was classified into three classes: Class I ET was performed with standard good-quality embryo(s) only; Class II with at least one good-quality embryo and the rest lower quality; Class III with all lower quality embryo(s). Urinary HCG levels were measured two weeks after transfer to diagnose pregnancy. The clinical outcomes were assessed as described \[[@pone.0163524.ref018]\], and implantation rate was also reviewed.

Statistical Analysis {#sec012}
--------------------

The rates of embryological and clinical outcomes were evaluated using binary logistic regression analysis with SPSS for Window (Version 21.0, SPSS Inc., Chicago, IL, USA). The rates depending to the given landmark were set as the dichotomous dependent variable, and the oligozoospermia groups, ET classes and male age as covariates. The oligozoospermia groups were also set as a categorical covariate to contrast the differences between the oligozoospermia groups and their interaction with other covariates. The number of MII oocytes, years of age and infertility duration and the number of ET were analyzed by Univariate analysis of variance. Difference between individual oligozoospermia group was assessed by the least significance test where indicated.

Results {#sec013}
=======

Characteristics of the patients in five oligozoospermia groups were summarized ([Table 1](#pone.0163524.t001){ref-type="table"}). The ages and infertility years in Group A were greater than Group C, D and E (p \< 0.05), but no difference between Group B, C, D and E. The cycle frequency was relatively even distributed beyond the means of couples' age with a range of female age from 21 to 34, and male age from 22 to 59; and no particular age group displayed the alterative cycle frequency.

Total 11584 MII oocytes were microinjected with patients' sperm ([Table 2](#pone.0163524.t002){ref-type="table"}). 27 cycles in Group E having excess sibling MII oocytes were microinjected with donor sperm due to lack of enough number of patients' motile sperm. The results had been merged to our previous publication \[[@pone.0163524.ref018]\] and were not included in this study. A significant reduction in the rate of successful fertilization to form PN2 embryos was found in four groups of severe oligozoospermia compared to the control (p \< 0.001). The severity of this fertilization inability tended to be associated with the reducing number of the motile spermatozoa. The fertilized eggs from these four groups of severe oligozoospermia had similar ability to perform cell cleavage by compared to the control (p \> 0.05). The rate of observed good-quality embryo at Day 3 in four groups of severe oligozoospermia was fluctuant, but each was lower than the control (p \< 0.001). The embryological outcomes were not affected by male age (p \> 0.05).

10.1371/journal.pone.0163524.t002

###### Embryological outcomes of ICSI treatment of oligozoospermia.

![](pone.0163524.t002){#pone.0163524.t002g}

  Group       MII                                             Fertilization rate   Cleavage rate                                 Good-quality rate                                                                   
  ----------- ----------------------------------------------- -------------------- --------------------------------------------- ------------------- -------- ------ ----------------------------------------------- ------
  **A**       9.08                                            1707                 0.8219                                        1403                0.9722   1364   0.5674                                          774
  **B**       10.08                                           1190                 0.7916[\*](#t002fn002){ref-type="table-fn"}   942                 0.9766   920    0.4793[\*\*](#t002fn003){ref-type="table-fn"}   441
  **C**       10.34                                           5058                 0.7849[\*](#t002fn002){ref-type="table-fn"}   3970                0.9751   3871   0.5045[\*\*](#t002fn003){ref-type="table-fn"}   1953
  **D**       10.95                                           2222                 0.7538[\*](#t002fn002){ref-type="table-fn"}   1675                0.9594   1607   0.5302[\*\*](#t002fn003){ref-type="table-fn"}   852
  **E**       9.02[\*\*\*](#t002fn004){ref-type="table-fn"}   1407                 0.7541[\*](#t002fn002){ref-type="table-fn"}   1061                0.9698   1029   0.5053[\*\*](#t002fn003){ref-type="table-fn"}   520
  **Total**   10.04                                           11584                0.7813                                        9051                0.9713   8791   0.5164                                          4540

Displayed were the mean and total number of microinjected MII oocytes, the mean rates and total number of fertilized 2PN oocytes, cleavage embryos and good-quality embryos in five groups of oligozoospermia.

\*p \< 0.001,

\*\*p \< 0.001, compared to corresponding data in Group A (Control);

\*\*\* The presented number did not comprise the oocytes microinjected with donor sperm.

ET was performed with the highest quality embryos derived from couples' own origin at Day 3 in 1093 cycles. Similar number of embryos was transferred in all groups of oligozoospermia (p \> 0.05) ([Table 3](#pone.0163524.t003){ref-type="table"}). 848 cycles were Class I ET. The proportion of Class I ET in four severe oligozoospermia groups was lower than control with significant reduction in Group E (p \< 0.05), indicating a reduced opportunity to choose good-quality embryo for transfer. The rests were 160 cycles of ET Class II and 85 cycles of ET Class III ([Table 3](#pone.0163524.t003){ref-type="table"}). Without consideration of ET classes, transferred embryos had similar ability to be pregnant and implanted in four groups of severe oligozoospermia and control and did not affect early miscarriage rate. As a consequence, the rate of live birth was not significantly different between five groups of oligozoospermia. The clinical outcomes were not statistically correlated with male age.

10.1371/journal.pone.0163524.t003

###### The association of embryo transfer quality with clinical outcomes of ICSI treatment of oligozoospermia.

![](pone.0163524.t003){#pone.0163524.t003g}

  Group       ET class   ET class proportion                           ET     Clinic pregnancy   Implantation   Early miscarriage   Live birth                                           
  ----------- ---------- --------------------------------------------- ------ ------------------ -------------- ------------------- ------------ ------- ------- ------- ------- ------- -----
  **A**       **I**      0.8315                                        148    2.01               298            0.4054              60           .2651   79      .0833   5       .3581   53
  **II**      0.1011     18                                            2.22   42                 0.4444         8                   .2143        9       .0000   0       .4444   8       
  **III**     0.0674     12                                            2.17   24                 0.2500         3                   .1667        4       .0000   0       .2500   3       
  **Total**   1.0000     178                                           2.04   364                0.3989         71                  .2527        92      .0704   5       .3596   64      
  **B**       **I**      0.7679                                        86     2.01               173            0.4535              39           .2948   51      .1538   6       .3721   32
  **II**      0.1429     16                                            2.27   39                 0.3750         6                   .2308        9       .0000   0       .3750   6       
  **III**     0.0892     10                                            2.18   19                 0.1000         1                   .0526        1       .0000   0       .1000   1       
  **Total**   1.0000     112                                           2.06   231                0.4107         46                  .2641        61      .1304   6       .3482   39      
  **C**       **I**      0.7689                                        356    2.10               747            0.4803              171          .3106   232     .0643   11      .4326   154
  **II**      0.1490     69                                            2.01   161                0.2609         18                  .1491        24      .0556   1       .2319   16      
  **III**     0.0821     38                                            2.42   70                 0.2105         8                   .1286        9       .0000   0       .2105   8       
  **Total**   1.0000     463                                           2.11   978                0.4255         197                 .2710        265     .0609   12      .3844   178     
  **D**       **I**      0.7959                                        156    2.12               328            0.4551              71           .2713   89      .0845   6       .3846   60
  **II**      0.1327     26                                            2.15   60                 0.2692         7                   .1667        10      .0000   0       .2692   7       
  **III**     0.0714     14                                            2.43   30                 0.1429         2                   .1000        3       .500    1       .0714   1       
  **Total**   1.0000     196                                           2.14   418                0.4082         80                  .2440        102     .0875   7       .3469   68      
  **E**       **I**      0.7083[\*](#t003fn002){ref-type="table-fn"}   102    2.02               206            0.4314              44           .2621   54      .0909   4       .3824   39
  **II**      0.2153     31                                            2.11   75                 0.3548         11                  .1867        14      .3636   4       .2258   7       
  **III**     0.0764     11                                            2.53   20                 0.1818         2                   .1000        2       .0000   0       .1818   2       
  **Total**   1.0000     144                                           2.09   301                0.3958         57                  .2326        70      .1404   8       .3333   48      
  **Total**   **I**      0.7758                                        848    2.07               1752           0.4540              385          .2882   505     .0831   32      .3986   338
  **II**      0.1464     160                                           2.10   377                0.3125         50                  .1751        66      .1000   5       .2750   44      
  **III**     0.0778     85                                            2.38   163                0.1882         16                  .1166        19      .0625   1       .1765   15      
  **Total**   1.0000     1093                                          2.10   2292               0.4126         451                 .2574        590     .0843   38      .3632   397     

Displayed was the classification of the embryo transfer and the clinical outcomes.

\* p \< 0.05, proportion of ET classes, compared to the corresponding data in Group A. The mean, total cycle and total number of ET, the mean rate and number of pregnancy, implantation and live birth were displayed, based on the total cycles of three ET classes in five groups of oligozoospermia. The rate of miscarriage was the mean of the proportion of miscarriage cycle in all of the pregnant cycles. The relevant p values were displayed in the text.

Furthermore, ET classes were used as continuous factor for statistical analysis to test our hypothesis that transfer with good-quality embryo would reach prospective clinical outcomes in severe oligozoospermia ([Table 3](#pone.0163524.t003){ref-type="table"}). The results showed that Class I ET achieved the similar clinical outcomes between five groups of oligozoospermia. Class II and Class III ET caused the comparable reduction rates of pregnancy (p \< 0.001), implantation (p \< 0.001) and live birth (p \< 0.01). Importantly, the effects of ET classes on clinical outcomes were not interactive to the groups of oligozoospermia (p \> 0.05). The detailed outcomes after pregnancy was shown (Tables [3](#pone.0163524.t003){ref-type="table"} and [4](#pone.0163524.t004){ref-type="table"}). There was no significant difference between baby genders. The excess embryos were cryopreserved and clinical outcomes from frozen embryo transfer (FET) were showed ([S2 File](#pone.0163524.s002){ref-type="supplementary-material"}).

10.1371/journal.pone.0163524.t004

###### Detailed clinical achievement after pregnancy.

![](pone.0163524.t004){#pone.0163524.t004g}

  Group       Pregnancy cycle   Miscarriage   Live birth   Baby gender                                                              
  ----------- ----------------- ------------- ------------ ------------- ---- ----- ----------------------------------------- ----- -----
  **A**       71                5             0            2             2    45    17                                        42    37
  **B**       46                6             0            1             2    23    14                                        26    25
  **C**       197               12            3            4             6    116   56[\*](#t004fn004){ref-type="table-fn"}   113   116
  **D**       80                7             3            2             0    52    16[\*](#t004fn004){ref-type="table-fn"}   40    45
  **E**       57                8             0            1             0    36    12                                        31    29
  **Total**   451               38            6            10            10   272   115                                       252   252

The table was representative of achieved cycles of miscarriage and live-birth, and baby gender.

\*All were doublet except one triplet.

Karyotype was examined in all cases and no abnormality was found. The number of cases with AZFc microdeletion was 3, 3 and 1 in Grade B, C and E, respectively. 4 cases with AZFc microdeletion from Grade A and B achieved pregnancy, and gave birth to 5 in 3 cases. In Grade E, excess oocytes were microinjected with donor sperm in 27 cycles. 2 cycles had insufficient number of motile sperm and some oocytes were cryopreserved. One of them was failed with testicular sperm extraction (TESE). 10 oocytes were donated from 28 retrieved oocytes in one cycle. There were two cycles to try to use patient pooled sperm. One was failed to recover, and another had three of five oocytes fertilized, and the rest sibling oocytes were microinjected with donor sperm. 2 cycles in Group A were successfully microinjected with patients' pooled sperm because of difficulty of sperm collection by masturbation and one cycle gave rise to a twin.

Discussion {#sec014}
==========

This study demonstrated the reduced number of motile spermatozoa had declined the fertility ability and embryo quality during ICSI treatment of severe oligozoospermia. The crucial finding was that the prospective clinical outcomes could be achieved as long as well selected good-quality embryos were transferred, regardless of whatever severity of oligozoospermia. In contrast, transfer of lower quality embryos reduced the rates of pregnancy, implantation and live birth. This provided a well informed prognostic parameter for ART clinic. Very a few studies have addressed the influence of the varying number of motile spermatozoa in the outcomes of ICSI treatment of severe oligozoospermia, especially in the case of motile sperm less than 10^4^/mL. This study gave rise to a relatively conclusive insight into the objective of the retrospective analysis by deep classification of the severity of the disease in term of sperm motility.

Oligozoospermia is greatly due to testicular or spermatogenic failure \[[@pone.0163524.ref027]\]. Tendency to a gradual reduction of the fertilization rate associated with severity of oligozoospermia illustrated the spermatogenic function status in individual oligozoospermic patient. As a consequence, this deteriorated the quality of derived embryos and reduced the opportunity to choose good-quality embryo for transfer.

Overall analysis of clinical outcomes veiled the disadvantages of low quality ET, largely due to more than two embryos having been transferred with Class I ET in most cycles. Analysis from 245 cycles transferred with lower class ET unveiled the adverse clinical outcomes and this apparently occurred in Group C, D and E. The implantation rate is the important parameter to evaluate the ability of individual embryo to be implanted and was not associated with sperm motility in this study, suggesting relatively similar quality in individual good-quality embryo had been obtained in all groups so that it led to similar prospective rate of live birth. Miscarriage is thought to have multiple etiologies, including parental chromosomal outubeanomalies, maternal thrombophilic disorders, immune dysfunction and various endocrine disturbances \[[@pone.0163524.ref028]\]. No statistical difference in the rate of early miscarriage was found between groups, because young and healthy female partners limited age-associated first trimester spontaneous miscarriage \[[@pone.0163524.ref029], [@pone.0163524.ref030]\], and male age had no comparable effects on embryological and clinical outcomes.

To limit the cancellation due to azoospermia on the day of ICSI attempt, using patients' frozen pooled sperm, TESE and sperm donor are optional. Cryopreservation of patient's sperm is strongly recommended and beneficial \[[@pone.0163524.ref031]\]. In our center, this was mainly for the cases having difficulty of collecting by masturbation. We found: (1) as long as careful diagnosis before ICSI attempt and correct preparation of semen were done with our proposed procedures, sufficient number of motile sperm in Group A to D might be isolated for microinjection; (2) the frozen sperm were much harder to obtain a successful microinjection comparing to the freshly isolated sperm and this was particular in Group E; (3) for those with ≤ 30 motile sperm, there was a little possibility to have enough sperm left for cryopreservation after the sample had been used for assessment; (4) the failure to recover sperm from cryopreservation was also mentioned. Therefore an advanced cryopreservation for single sperm is worth creating. TESE demonstrates the good results in azoospermia \[[@pone.0163524.ref032]\] and severe necrozoospermia \[[@pone.0163524.ref033]\], but it was found difficultly to be managed, especially for Group E and its superiority was also questioned \[[@pone.0163524.ref031]\]. Only one case of azoospermia occurred on ICSI day instead of using frozen sperm and donor sperm.

Successful ICSI was greatly attributed to excellent management of the patients prior to ICSI attempt and appropriate manipulation of all procedures by experienced andrologists, embryologists and gynecologists ([Fig 1](#pone.0163524.g001){ref-type="fig"}). Arrangement of proper timing of cycle entrance is markedly crucial to avoid azoospermia due to the variations such as season, intercurrent disease and especially to fever \[[@pone.0163524.ref010], [@pone.0163524.ref034], [@pone.0163524.ref035]\] that can affect sperm count in the same subject. Conventional CASA semen parameter method was obviously not suitable for management of the severe oligozoospermia, particularly for Group E. Our modified procedures might be encouraged to increase opportunity to isolate more motile sperm by skipping the procedure of total sperm count. However, excess eggs were still present in several cycles in Group E due to lack of enough motile sperm and an optional solution might be through a modified hyperovulation program to reduce the number of retrieved eggs.

There has long been a concern if ICSI increases a rate of the birth defects in ICSI conceived children \[[@pone.0163524.ref036]\] due to potential risk of bypassing the natural selection mechanism, the transmission of mutations and current limitation of methodologies to accurately evaluate the individual sperm quality. This study had paid a close attention to evaluate sperm quality and embryonic developmental viability during the clinic and a long-term follow-up study of the birth defects of infants has initiated. We believe that development of advanced technologies such as next generation sequencing to assess the ratio of protamine 1 and protamine 2 \[[@pone.0163524.ref037]\] in individual sperm and analyze the genetic and epigenetic bio-information in ICSI-derived embryo can determine the individual sperm quality and select good-quality embryo for ET so that the birth defects originated from the impaired sperm may be efficiently prevented.

Supporting Information {#sec015}
======================

###### Original recorded information for oligozoospermia patients.

The spreadsheet was representative of the translated data from original patients' profiles that were stored in Department of Reproductive Medicine, Renji Hospital, Shanghai Jiaotong University.

(XLS)

###### 

Click here for additional data file.

###### Clinical outcomes of frozen embryo transfer.

(DOC)

###### 

Click here for additional data file.
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